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Introduction
Preterm birth is one of the most important causes of infant mortality. [1] Globally, 14% of the mortality under five years of age is associated with preterm birth. [2] Moreover, preterm birth is a major determinant of short and long-term morbidity, including learning disabilities, [3] respiratory illnesses, [4] hypertension, [5] and cardiovascular events in adulthood. [6] The rate of preterm birth ranges from 5% of live births in northern Europe to 25% in some low and middle-income countries. [7] Using opioids, including heroin, has been associated with adverse pregnancy outcomes, such as preterm delivery, low birth weight, small for gestational age, and neonatal complications. [8] [9] [10] Heroin use during pregnancy has also been associated with increased risks of preeclampsia, third trimester bleeding, foetal distress, and meconium aspiration. [11] However, previously reported associations of opioids and pregnancy outcomes might be confounded by other factors related to high-risk behaviours and lifestyle, including use of other harmful substances, such as tobacco, alcohol, or cocaine. [12] Therefore, it is difficult to distinguish the effects of opioid use from effects of other risk factors. [13] In Golestan province, northern Iran, some women use (mainly smoke) opium, [14] also during pregnancy. Opium is obtained from the unripe seed capsules of the poppy plant, Papaver somniferum, which contains a number of alkaloids, including Morphine (10% of opium), Codeine (0.5%), Thebaine (0.2%), Papaverine (1%), and noscapine (6%). [15] In this area, opium-using women are mostly housewives, who do not otherwise have an unhealthy lifestyle, which reduces the risk of residual confounding. [14, 16, 17] The primary health care organization in the Golestan province provides modern antenatal and obstetric care to virtually all pregnant women. In the rural areas, most pregnancies are planned, and most women have a pre-pregnancy visit followed by several antenatal visits. Details of maternal drug use, cigarette smoking, alcohol use, and other high-risk behaviours before and during pregnancy are recorded. [17] The aim of this population-based cohort study was to investigate the association between maternal opium use during pregnancy and risk of preterm delivery in a homogeneous population from rural areas in north-east Iran.
Methods

Study setting
The study was performed in Golestan province, in northeast Iran. Golestan has approximately 1,700,000 inhabitants (50% living in rural areas), 500,000 women in reproductive age and 17,000 births annually. Based on the public health care system in Iran, each village has at least one rural health house, which is responsible for providing care and recording of information before and during pregnancy. Health care providers in approximately 600 health houses prospectively record such information in the family health files. Some 95% of mothers deliver their infants in hospitals. [18] Information about delivery (time and date, gestational age, mode of delivery, and complications at delivery) and infant characteristics (sex, weight, height, and head circumference at birth, as well as Apgar scores at one and five minutes) is sent from the hospitals to the health houses for archiving in family health files.
Study population and design
We performed a population-based cohort study in rural areas of Golestan province between 2008 and 2010. Exposure was defined as self-reported history of using any variety of opiates during the index pregnancy. We lacked information on the form of opium use. Opium (opium poppy and derivatives of opium i.e. tincture, syrup, extract, and opium powder) is the most common drug in Golestan province, and is usually smoked. Very few people drink or eat some of its derivates (such tincture and syrup) and nobody injects opium. [14] All prospectively recorded information in the family health files in rural health houses, including maternal drug use, cigarette smoking, alcohol use, and other high-risk behaviours before and during pregnancy is collected and recorded by the local health officer, who are trained to, among other activities, take care of pregnant women and record the information in family health files and lives in the village as a highly respected person and has personal knowledge about the inhabitants. There is detailed guideline for each of the activity and how to fill in the forms. The unexposed group included women who did not have any positive history of opium use before or during pregnancy.
Exposed and unexposed groups were selected using the stratified randomization sampling method. We determined each region as a block and calculated block sample size based on the population growth rate of the region. All pregnancies during the study period in the region (30,868 pregnancies) were numbered based on date of delivery, and those who were exposed to opium were identified. Exposed and unexposed pregnancies were randomly selected using computer-created random digits. We selected the same number of women exposed and unexposed to opium during pregnancy, who were frequency matched by residential area (village).
Information on maternal and pregnancy characteristics were collected from medical records by midwives working at the health centres. Data were abstracted from pre-pregnancy, pregnancy, and delivery records, and information was computerized by ten specially trained medical students. Each file, including information on the mother, infant, and spouse, received a unique code at the time of data collection, which made it possible to analyse the data anonymously. As a quality control, we collected and computerized 10% of the data a second time. The variables that had more than 5% mismatches were re-collected and the data were reentered for all study subjects (happened for the Estimated Date of Confinement). If information for each variable for a health centre had more than 5% mismatches, information on all variables were re-collected and re-entered (happened for one health centre).
We selected a total of 920 opium users ("exposed" women) and 920 non-opium users ("unexposed" women) during pregnancy. Thereafter, we excluded 10 exposed and 11 unexposed women due to multiple births, miscarriages, and stillbirths. We also excluded 18 (exposed) mothers who gave up using opium in early pregnancy. We also excluded, two mothers unexposed to opium but exposed to tobacco, and mothers who used alcohol during pregnancy (2 unexposed and 5 exposed mothers), from the analysis due to paucity of the numbers and for increasing internal validity. Finally, our study included 887 opium users and 905 nonopium users with live singleton births.
Information on socioeconomic situation was based on husband's profession (categorized as unskilled manual worker, skilled manual worker, self-employed, farmer, other occupations, and unemployed). Agricultural production is the main economic sector in Golestan province. Small for gestational age was defined as a birth weight below the 10 th percentile for appropriate gestational age, based on a sex-specific global reference for birth weight. [19] Gestational age was based on the time interval between date of delivery and date of the first day of the last menstrual period. Preterm delivery was defined as a delivery before 37 completed gestational weeks.
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Statistical analysis
We used univariate and multivariate logistic regression models to estimate odds ratios (ORs) and 95% confidence intervals (CIs) for the associations between opium use during pregnancy and preterm delivery. The multivariate models were adjusted for residential place, maternal age, body mass index, height, parity, husband's occupation, and infant sex (model A). We lacked specific information on spontaneous and medically indicated preterm delivery. Therefore, risks of vaginal preterm delivery (predominantly including spontaneous preterm deliveries) and caesarean section preterm delivery (including both medically indicated preterm deliveries and emergency caesarean deliveries) were investigated separately. To investigate whether a possible association between opium use and caesarean preterm delivery (which included medically indicated caesarean preterm deliveries) was mediated by maternal hypertensive disorders or intrauterine growth restriction, we additionally adjusted for birth of a small for gestational age infant and any record of hypertension during pregnancy (model B). Additional analyses were performed to investigate the risks of preterm delivery among opiumusing mothers who smoked or did not smoke tobacco during pregnancy.
The multiple imputation method was used to impute missing recorded values for maternal age (6 among mothers unexposed to opium and 5 among exposed mothers), infant sex (15 among mothers unexposed to opium and 10 among exposed mothers), husband's occupation (4 among unexposed and 9 among exposed), and mother's height (39 among unexposed and 17 among exposed). The MI procedure (SAS software) with five imputations was used for multiple imputation [20] . SAS software version 9.4 was used for all analyses.
Results
Characteristics of the opium users and non-opium users are presented in Table 1 . Opium users were slightly older and more often parous compared with non-opium users. There were no noteworthy differences between the two groups regarding maternal body mass index or husband's occupation.
The rates of preterm delivery among mothers who used and did not use opium during pregnancy were 10.0% and 6.1%, respectively. Compared with unexposed mothers (unexposed to both opium and tobacco smoking), mothers exposed to opium use during pregnancy had a 74% higher risk of preterm delivery (Table 2 , model A). Compared with unexposed mothers, non-smoking mothers who used opium had a 56% increased risk for preterm delivery and those who used both opium and tobacco during pregnancy had a more than two-fold increased risk. When we additionally adjusted for hypertension during pregnancy and small for gestational age, results were essentially unchanged (Table 2, model B).
Next, preterm delivery was divided into vaginal and caesarean preterm deliveries. Compared with unexposed mothers, the risk of vaginal preterm delivery was not significantly increased among opium using mothers (Table 3) . Compared with unexposed mothers, those only using opium during pregnancy were not at increased risk of vaginal preterm delivery, but dual use of opium and tobacco was associated with a 2.5-fold increase in risk (Table 3 , model A). Also adjusting for hypertension during pregnancy and small for gestational age did not change the association between opium use and vaginal preterm delivery (Table 3, model B) . Overall, opium use during pregnancy was associated with a doubled risk of caesarean section preterm delivery (Table 4 , model A). Compared with non-use of opium and tobacco, use of only opium was associated with a doubled risk of caesarean section preterm delivery. The corresponding risk related to dual use of opium and tobacco was not statistically significantly increased, but the analysis was limited by a small number of events (Table 4 ). When we also adjusted for hypertension during pregnancy and small for gestational age, the association between opium use and caesarean section preterm delivery was attenuated: the point estimates moved toward the null and did not reach statistical significance.
Discussion
To the best of our knowledge, this is the first study of traditional opium use during pregnancy and risk of preterm delivery. We found that opium use during pregnancy was associated with an increased risk of preterm delivery. The risk was apparent for opium users during pregnancy who were non-tobacco smokers, and was even higher for women exposed to both opium and tobacco during pregnancy. For opium users who did not use tobacco, the risk was apparent for caesarean section preterm delivery. This group included both elective (pre-labour medically indicated) preterm caesarean deliveries due to concern about maternal or foetal wellbeing, and emergency caesarean section deliveries, probably predominantly due to foetal asphyxia and lack of labour progress.
[21] Maternal hypertensive diseases [22] and foetal asphyxia, causing growth restriction, could be on the causal pathway from maternal opium use to both elective and emergency caesarean deliveries. We observed that the association between opium use and caesarean preterm delivery was attenuated after controlling for maternal hypertensive disorders and small for gestational age. Possibly, opium use during pregnancy may increase the risk of caesarean preterm delivery by inducing foetal stress before or during labour. [23] Dual use of opium and tobacco during pregnancy was associated with an increased risk of vaginal preterm delivery. As labour is rarely induced in preterm pregnancies, our group of vaginal preterm deliveries most likely primarily included preterm deliveries with a spontaneous onset of labour. Smoking is associated with increased risks of premature rupture of membranes, [24] intrauterine infection, prostaglandin activity in foetal membranes, and an increased systemic inflammatory response, which can lead to spontaneous preterm labour and in consequence preterm delivery. [25] Although tobacco smoking is associated with increased risks of both medically indicated and spontaneous preterm delivery, the association is stronger for spontaneous preterm delivery. [26] The observed more than two-fold increased risk of vaginal preterm delivery in dual users of opium and tobacco is substantially higher than the risk of spontaneous preterm delivery reported for smokers. [26] Thus, residual confounding by tobacco smoking is unlikely to explain our findings. We speculate that the high risk of vaginal preterm delivery among mothers who were exposed to both opium and tobacco during pregnancy could be due to additive or interactive effects of the two risk factors. [8, 10] Different explanations for the associations between use of opiates and risks of adverse pregnancy outcomes have been proposed. The first theory is that maternal narcotic exposure can induce fluctuating cycles of intoxication and withdrawal in the foetus, and that the foetal oxygen needs may not be met during withdrawal. This recurrent intrauterine hypoxic stress can lead to preterm delivery, intrauterine growth restriction, and meconium-stained amniotic fluid. [27] The second explanation is the epiphenomena of drug use, including multiple drug abuse, poor prenatal care, dietary restriction, and disadvantaged socioeconomic circumstances. [28] Our findings are consistent with results of studies including drug abusers, reporting positive associations between narcotic use, such as heroin, and risk of preterm delivery. [8, 9] Pinto et al. showed that mothers using methadone, heroin, or other addictive drugs had an increased risk of preterm delivery but the sample size was not big enough to investigate each drug separately. [10] A British study showed that opiates (heroin or methadone) use during pregnancy was associated with an increased risk of preterm delivery. [8] Although methadone is less harmful compared with other opioids and may confer many advantages for women with an opioid use disorder and their infant, methadone use during pregnancy has been associated with a three-fold increased risk of preterm delivery and an even higher risk was found among mothers who used both methadone and other illicit drugs. [29] However, as most drug abusers have a chaotic lifestyle, it is difficult to estimate the association between specific drug use and adverse pregnancy outcomes in earlier studies. [9] Opium has traditionally been used in Middle-eastern and south Asian countries such as Iran for pleasure and as a sedative. [30] Compared with other drug abusers, opium users have less psychiatric comorbidity, unemployment, homelessness, and criminal behaviour. [31] It has been shown that the socioeconomic profile of opium users in Iran is similar to that of the general population. [14] The current study was conducted in rural areas of Golestan province, where most mothers are housewives, pregnancies are planned, and approximately 97% of pregnant women have access to the state primary health service free of cost. [18] Adjustment for husband's occupation and residential place did not affect the observed associations in our data. However, we cannot rule out residual confounding.
Strengths and limitations
The strengths of this study include the population-based cohort design using prospectively collected information from antenatal visits. As we used prospectively collect information from records of pre-pregnancy, antenatal visits and delivery, and those who abstracted the forms were blinded to the study hypothesis, there is no concern regarding possible observer bias or bias due to factors such as non-blinded exposure or outcome determination. Most previous studies are derived from investigations of mothers exposed to heroin or methadone in highincome countries, while information from traditional opium use in low or middle-income countries is lacking. [13] A general issue in studies in which the effect of illicit drugs are investigated is confounding by factors related to lifestyle, such as multiple drug abuse, alcohol consumption, tobacco smoking, and even blood-borne infectious diseases. [10, 32] This study provides an exceptional possibility to investigate the risk of preterm delivery among opium exposed mothers who otherwise had a normal life and an acceptable level of care during pregnancy. To increase internal validity, we limited our study to non-alcohol users, used non-users of opium and tobacco as reference group, and estimated risks among women only using opium and women with dual use of opium and tobacco.
This study has some potential limitations, including lack of information on pregnancies that ended before 28 weeks of gestation. In this study, maternal drug use was based on mothers' disclosure to their care providers, and unwillingness to admit drug may have pushed our estimates toward to the null. However, a validation study of self-reported opium use with a urine opium detection laboratory test from northern Iran reported reasonably high sensitivity (91%) and specificity (89%). [16] We did not have any information about the mothers' educational level, nor did we did have information on some potentially important factors that could influence pregnancy outcome, such as mothers' unhealthy or associated lifestyle factors, including domestic violence, chronic pain due to disease or malnutrition. Estimation of gestational age was based on the first day of last maternal menstrual period, which can be subject to error. [33] Another limitation is that we did not have information on possible exposure to passive opium or tobacco smoking. We also restricted our study to pregnancies in rural area of the Golestan province and there may be concern regarding generalizability of the results. Lastly, a lack of specific information on mothers' socioeconomic circumstances was also an important potential limitation of this project. Controlling for husband's occupation and place of residence as a measure of socioeconomic circumstances for the families may not have been sufficiently discriminatory, and we can therefore not rule out effects of residual confounding.
Conclusion
Opium use during pregnancy is associated with an increased risk of preterm delivery. Opium use alone may be associated with increased risk of medically indicated preterm delivery, while dual use of opium and tobacco during pregnancy may increase the risk of spontaneous preterm delivery.
